In present time, the application of the voltage source inverter (VSI) are rapidly been increasing. Different designing methods are followed for the construction of VSI. The purpose of adopting for different techniques of inverter design is to decrease the harmonic contents from the output waves of VSI. Hence the comparison of three different voltage source inverters with their different techniques is discussed in this paper for the purpose of reduction in harmonics. Total harmonic distortion (THD) analysis of all three VSI has been done. THD analysis of sine pulse width modulation (SPWM) and third harmonic injection pulse width modulation (THIPWM) is further discussed in two manners -over modulation and exact modulation. A unique type of 7 level 5 switch voltage source multi-level inverter with phase disposition pulse width modulation (PDPWM) technique is also discussed and its comparison is made with earlier two techniques. In renewable energy systems, we need to control the power generation in a very efficient manner. Hence these inverters with low THD values can be utilized in that field for reduction in losses and increase in efficiency of the renewable system. Simulation of all three techniques based VSI is done on MATLAB platform and THD is compared.
Introduction
The usage of semiconductor based drives are increased in past very few years. Voltage source inverters are used for these drives as they provide power ratings from hundred to several megawatts.
As we know that, in present time whole world is concerned in generation of energy without polluting the environment without wasting any amount of energy. Hence it is compulsory now to increase the efficiency of the devices that are working in a system. In the field of electrical, the efficiency analysis of any system can be done on the basis of system THD value. If it is low then system will be more efficient or vice-versa. Yet so many researches have been made in this field, but all studies contain THD value of above 20%. In this paper, an advance topologies of voltage source inverter (Multi Level Inverter) is analyzed and also been compared with two conventional topologies that may help to decrease the THD of any electrical system. An H-bridge voltage source inverter topology is considered for analysis [1] . The technique for the generation of gate pulse for h-bridge inverter are also been discussed [2] .
The main function of voltage source inverter is to convert DC supply into AC supply of desired magnitude and frequency [3] . Ideally, the output waveforms of inverter should be sinusoidal but in practical, the output waveforms are not pure sinusoidal and contains different harmonics. Harmonics in any system reduces the quality of electrical supply which can cause several negative effects in the system. RMS current will get increased when harmonic will increase which cause increase in loss. Electrical system starts getting premature ageing due to harmonics. For low and moderate power applications, square and quasi-square waves are allowed but for high power application, we need sinusoidal waveforms with very low harmonic content. That's how, by using semiconductor based devices and different methods of switches pulse generation (SPWM [4] , THIPWM [5] & PDPWM [6] ) the value of harmonic content can be minimized. So, taking this in mind, our aim is to design such architecture of h-bridge inverter, so that we can reduce the harmonic content from it. Due to such design, system harmonics will get reduce or we get more pure quantity sinusoidal voltage which will help to reduce the losses of the system or that's how we can manage or save the energy. The inverter system architecture with very low harmonics discussed in this paper is through PDPWM technique based voltage source multi-level inverter [7] . Novelty of this paper can be discussed in the form of THD comparison of all three simulated techniques.
Voltage Source Inverter
Inverter are basically used for the conversion of DC to AC supply [3] . VSI drives used capacitive storage in their DC link, which stores and smooths the DC voltage of the inverter. The six-step conventional voltage source inverter design is shown below in Figure 1 .
It is very important to maintain or control the output voltage of inverter. The controlling of voltage can be done as:
1. External control of inverter output voltage. 2. Internal control in inverter.
External Control of Inverter Output Voltage
Regulation of voltage input to AC load can be done by managing the firing angle of AC voltage controller. But, this method is rarely used now, because it creates the high harmonic content in output voltage.
Internal Control in Inverter
The internal control of voltage in inverter enhance the output voltage very well. Pulse width modulation is the best way to achieve such control. 
Pulse Width Modulation
Pulse width modulation (PWM) is a strong method to control the Analog circuits with a processed digital output. PWM of power devices modulate its duty cycle to commit the control or amount of power delivered to the load. Single PWM is not suited for all type of applications. By the help of advanced technology, various methods of PWM are there for use in any application. The major aim of PWM is to maintain the output voltage and reduce the harmonic content from it. The different PWM techniques being used are:
Sinusoidal Pulse Width Modulation (SPWM) 2. Third Harmonic Injection Pulse Width Modulation (THIPWM) 3. Phase Disposition Pulse Width Modulation (PDPWM)

Sinusoidal Pulse Width Modulation
The method of sinusoidal pulse width modulation approaches the generation of sinusoidal waveform by comparing the reference to carrier waves or by filtering the pulse output waveform by varying widths of triangular waveform [4] . The basic pulse generating circuit of sine pulse width modulation scheme is shown in Figure 2 . Low frequency reference sinusoidal wave form is compared with high frequency triangular waves which are called carrier waves [4] . When crossing of sine and carrier waves are happen, the switching phase gets changed at that time. In three phases, three low frequency sinusoidal reference waves (V a , V b , and V c ) which are 120· out of phase from each other, are compared with the triangular voltage waveform (V t ), as a result we get three switching pulses for three different phases. A six-step voltage source inverter has six switches S 1 to S 6 , out of these 6 switches, 2 switches will operate at a single time for one phase and are connected in series to form one leg of the inverter. Similarly, other switches will operate for other two phases. The output of each phase is connected to the center of each inverter leg as shown in Figure 1 . The output of the comparator as shown in Figure 2 gives the controlling signal or pulses for the power devices connected on the three legs of the inverter. Two switches of one leg will operate in a complimentary manner it means when one is in on condition then other will be in off condition or vice-versa. The switching of outer pole voltages V ao , V bo , V co are done between -V dc /2 and +V dc /2 voltage levels. V dc is the total DC voltage.
The generation of switching gate pulse can be done by two methods, one is by over modulation method and other is by exact modulation method. For over modulation, the value of modulation index is taken 2, whereas, for the exact modulation method the value of modulation index is taken 1. In other manner, we can say that when the peak of low frequency sinusoidal reference wave is high compared to triangular waves then system is at over modulation and when peak is at same as triangular waves then it is called exact modulation. The formula of modulation index is
Positive and negative DC bus voltage will apply on each phase according to the switching states. The switches are controlled in a combination of ((S1, S4), (S3, S6), and (S5, S2)) and the logic behind this is ⎡
The width of pulse depends upon the crossing of the triangular and sinusoidal waves. The inverter output voltages can be as ⎡
Calculation of line to line voltage from pole voltage can be done as ⎡
VSI with Third Harmonic Injection Pulse Width Modulation
Sinusoidal PWM is easy to understand and in implementation but it is not able to fully occupy the available DC bus supply voltage [2, 3] . Due to such problem, third harmonic injection pulse width modulation (THIPWM) came in light. This method helps inverter in its performance enhancement. The sine PWM method approaches less of maximum achievable output voltage. Hence, by simply adding third harmonic signal in low frequency sinusoidal reference signal, we can achieve the amplitude increase in output voltage waveform. Similar to sine PWM the method of overmodulation and exact modulation can also be applied in third harmonic PWM method. In THIPWM, addition of third harmonic means that, in one cycle of sinusoidal wave, three cycles of harmonic should complete. The third harmonic injection to reference signal wave is shown in Figure 3 .
It is impressive that, the result of addition of the third and fundamental harmonic is less in amplitude than fundamental harmonic. On other side, the reference signal occupies two maxima at t = π/3 and t = 2π equals to 1. The fundamental harmonic and third harmonic equations can be written as
Hence at t = π/3, V bus /2 will be the voltage taken by the first harmonic of line to neutral output voltage. Now, the equations can be written as
Which yields, The output voltage waveform for each phase with third harmonic content can be written as ⎡
MLI with Phase Disposition Pulse Width Modulation
A new unique topology of voltage source multi-level inverter containing 7 levels and 5 switch is introduced [5] [6] [7] . The proposed topology is shown in Figure 4 . It is the modified form of existing 7 level 6 switches MLI which is now reduced in 5 switches. The output voltage levels can be calculated by the formula l = 2 * s − 3 This topology contains 4 DC voltage sources and 5 switches which helps to produce 7 level of output voltage waveform. The switching pattern of above VSI is also done in a unique manner. When, Switches S3 and S5 will operate in same time then it gives the output voltage equal to V dc . Similarly, when switches S2 and S5 will operate they will give output voltage equal to 2 V dc , when switch S1 and S5 will operate they will give the output voltage equal to 3 V dc . When Switch S1 and S4 will operate, they will give output voltage equals to -V dc and at the time when no switch is in operating mode the output voltage will be equal to zero.
Shift modulation technique is used here for the generation of pulses for switches. Four options are available in this modulating scheme, which are -phase disposition, phase opposition disposition, inverted phase disposition and alternative phase opposition disposition.
The comparison of sine and carrier waves is used in this method for generation of switching pulse. The output of the comparator is further provided to the appropriate switches that's how it can produce output voltage of 7 level in AC. The pulse generation circuit for voltage source multi-level inverter is shown in Figure 5 . Switch S1 need a gate pulse to give output of -V dc and +3 V dc , switch S2 needs pulse to give output voltage of +2 V dc and -2 V dc , and switch S3 requires gate pulse to produce -3 V dc and +3 V dc . Rest switches, it means, switches S4 and S5 will operate regarding positive and negative half cycle. If we have to construct n level output waveform, then will need (n-1) carrier signals. It means for above proposed inverter we need 6 carrier signals [6] .
Comparison of SPWM, THIPWM and PDPWM 91
Result & THD Analysis of Proposed Inverter
All three PWM techniques (SPWM, THIPWM and PDPWM) based voltage source inverter has been simulated on RL load in MATLAB software. The output of simulation of all three voltage source inverter is shown only for single phase. The reference sinusoidal wave frequency is taken 50 Hz and carrier wave frequency is taken 35 kHz. V dc is chosen 350 volts and the load is taken of 10-ohm resistance and 10mH inductance in each phase. The output voltage waveform is taken across one phase and neutral of load. The output voltage waveform of all three PWM techniques based VSI is shown in Figures 6, 7 and 8 . Harmonic spectrum of all three PWM techniques based VSI is shown in Figures 9, 10 and 11 [8] . 
Output Waveforms
THD Analysis of All Simulation
The comparison of THD of different techniques based VSI is shown in Table 1 below. Here, we observe that phase disposition pulse width modulation(PDPWM) technique used in multi-level inverter gives better performance and less THD as compared to other methods (SPWM, THIPWM) and also to the papers of reference. 
Discussion and Conclusion
The THD comparison and analysis of various techniques (SPWM, THIPWM, PDPWM) based voltage source inverter has been carried out through MAT-LAB simulation. The gate pulse generation circuits are also being discussed for different concluded techniques. As the THD analysis is done above and results are simulated which results, reduction in THD of concluded techniques which may help in reduction in loss and increase in efficiency of system. This system of low THD can be applied in any renewable energy system so that efficiency of that renewable system can be increased. Hence, these voltage source inverters may be used in any application where reduction in system harmonics is required or reduction in losses is required so that we can increase the efficiency of the electrical system. Further, to decrease the value of THD power filter can be used in power circuits. By using such power filter, the final THD of the system can more be reduced to very low value. Unique contribution of this paper is that the 5 switch 7 level voltage source inverter topology is used or compared with other, SPWM and THIPWM technique for better power quality. By this topology the THD is reduced to 16.98% as compared to 54.16% or 43.51% of THIPWM and SPWM techniques respectively. 
